We report the discovery of TOI-677 b, first identified as a candidate in light curves obtained within Sectors 9 and 10 of the Transiting Exoplanet Survey Satellite (TESS ) mission and confirmed with radial velocities. TOI-677 b has a mass of M p = 1.236 +0.069 −0.067 M J , a radius of R P = 1.170 ± 0.03 R J , and orbits its bright host star (V = 9.8 mag) with an orbital period of 11.23660 ± 0.00011 d, on an eccentric orbit with e = 0.435 ± 0.024. The host star has a mass of M = 1.181 ± 0.058 M , a radius of R = 1.28 +0.03 −0.03 R , an age of 2.92 +0.80 −0.73 Gyr and solar metallicity, properties consistent with a main sequence late F star with T eff = 6295 ± 77 K. We find evidence in the radial velocity measurements of a secondary long term signal which could be due to an outer companion. The TOI-677 b system is a well suited target for Rossiter-Mclaughlin observations that can constrain migration mechanisms of close-in giant planets.
INTRODUCTION
In the past two decades the population of known transiting exoplanets has grown at an accelerating pace. While the Kepler satellite (Borucki et al. 2010 ) dominates the overall number of discoveries, the particular class of close-in gas giants around nearby stars were until recently most efficiently discovered by wide-field photometric series (e.g. Bakos et al. 2004; Pollacco et al. 2006; Pepper et al. 2007; Bakos et al. 2013; Talens et al. 2017 ). Due to the biases inherent to ground based observatories, most of the discoveries of these surveys have periods P 10d. Systems of stations around the globe such as the HATSouth survey can in principle improve the efficiency of discovery for longer periods, but the number of systems with P > 10d uncovered by wide-field groundbased surveys is small, with the current record holder being HATS-17b with P ≈ 16d (Brahm et al. 2016) .
The population of close-orbiting gas giants has opened a number of questions about their physical structural and dynamical evolution which are still topics of active research (Dawson & Johnson 2018) . In particular, the nature of the migration history and the detailed mechanism of radius inflation for hot Jupiters need further elucidation. In order to make further progress on those fronts the population of warm giants, loosely defined as systems with periods P 10d, is of importance. They are close enough to the star that they are likely to have undergone significant migration, but not as close that tidal effects can erase the potential imprints of that migration (Albrecht et al. 2012; Dawson 2014; Li & Winn 2016) . In the same vein, they are far enough from their parent star that their radii have not been inflated by the mechanism that acts to bloat the radii of hotter giants (Kovács et al. 2010; Demory & Seager 2011; Miller & Fortney 2011) . But while it is clear that these systems are very interesting, the population of known warm giants around nearby stars (allowing the most detailed characterization) is still very small. The launch of the TESS mission (Ricker et al. 2015) is changing that. By scanning nearby stars around the whole sky the expectation is that hundreds of giant planets with P 10 d will be uncovered (Sullivan et al. 2015; Barclay et al. 2018) .
In this work we present the discovery originating from a TESS light curve of an eccentric warm giant planet with a period of P = 11.23660 ± 0.00011 days orbiting a bright late F star. This is part of a systematic effort to characterize warm giants in the southern hemisphere uncovered with TESS which has contributed to the discovery and mass measurement of three warm giants already Huber et al. 2019; Rodriguez et al. 2019) . The paper is structured as follows. In § 2 we describe the observational material which gets used to perform a global modeling of the system as described in § 3. The results are then discussed in § 4.
OBSERVATIONS

TESS
Between 2019 March 01 and 2019 April 22, the TESS mission observed TOI-677 (TIC 280206394, 2MASS J09362869-5027478, TYC 8176-02431-1, WISE J093628.65-502747.3) during the monitoring of Sectors 9 and 10, using camera 3 and CCDs 1 and 2, respectively. The TESS Science Processing Operations Center (SPOC; for an overview of the processing it carries out see Jenkins et al. 2016 ) Transiting Planet Search module detected the planetary signature in the Sector 9 processing run and in the Sectors 1-13 multi-sector search and triggered the Data Validation module (Twicken et al. 2018; Li et al. 2019) to analyze the transit-like feature in the Sector 9 and combined Sectors 9 and 10 light curves. All diagnostics tests performed as part of the data validation report, including the odd/even depth test, the signal to noise ratio, the impact parameter, the statistical bootstrap probability, the ghost diagnostic, and the difference image centroid offset from the TIC position and from the out-of-transit centroid, strongly favored the planetary hypothesis and resulted in the promotion of TOI-677 to the list of targets of interest.
The properties of TOI-677 as obtained from literature sources and derived in this work are detailed in Table 1 . The target was observed in short (2 min) cadence, and we downloaded the PDC (Pre-search Data Conditioning) SAP light curves from the Mikulski Archives for Space Telescopes. The PDC SAP light curves have systematic trends removed by the use of co-trending basis vectors (Smith et al. 2012; Stumpe et al. 2014) , and are produced by the TESS SPOC at NASA Ames Research Center. We masked the regions of high scattered light as indicated in the data release notes for each of the sectors, augmenting the masked windows in a few cases where it was evident that there were some remaining trends that were insufficiently masked 1 . We did not mask datapoints with data quality flags, as we noticed that all of the second transit had been masked with a flag value of 2048 (stray light from Earth or Moon in camera field of view), but inspection of the masked portions revealed no anomalous signs on the light curve.
The TESS light curve is shown in Figure 1 , where four transits are clearly seen. The out-of-transit light curve is remarkably flat. We estimated the power spectral density of the out-of-transit light curve of TOI-677 using the method of Welch (1967) as implemented in the scipy.signal Python module and found it to be featureless and at precisely the level expected given the reported photometric uncertainties of the magnitude measurements (see Figure 2 ). We conclude from this exercise that there is no need for any deterministic or stochastic component beyond the white noise implied by the photometric uncertainties in the modeling of the out-oftransit light curve. Because of this we only fit for regions of ≈ 1d around each transit, removing the median value calculated in the out-of-transit portion for each transit. The TESS data used for the analysis is presented in Table 4 2.2. Spectroscopy
We followed up TOI-677 with several spectrographs in order to confirm the TESS transiting planet candidate and to measure its mass. In what follows we describe the observations obtained by each spectrograph we used. The derived radial velocities, and bisector span measurements when available, are reported in Table 5 .
FEROS
TOI-677 was monitored with the FEROS spectrograph (R≈48000, Kaufer et al. 1999 ) mounted at the MPG 2.2m telescope at La Silla Observatory between May and July of 2019, where 26 spectra were obtained. Observations were performed in simultaneous calibration mode, with the secondary fibre observing a thorium-argon (ThAr) lamp to trace the instrumental variations produced by changes in the environment during the science exposures. The adopted exposure times were of 300 s and 400 s, which translated into a signalto-noise ratio ranging between 40 and 150 per resolution element. The FEROS data were processed with the CERES pipeline (Brahm et al. 2017a) , which delivers the radial velocities corrected by the instrumental drift variations and the by the Earth's motion. These radial velocities were obtained with the cross-correlation technique, where a G2-type binary mask was used as template. From this cross-correlation peak CERES also computes the bisector span measurements, and delivers a rough estimate of the stellar parameters by comparing the continuum normalized spectrum with a grid of synthetic ones.
Coralie
We monitored TOI-677 with the Coralie spectrograph (R≈60000, Mayor et al. 2003 ) mounted on the Swiss-Euler 1.2m telescope in six different epochs. These observations were also performed with the simultaneous calibration technique, but in this case the secondary fibre is illuminated by a Fabry-Perot etalon. We adopted an exposure time of 300 s, which produced spectra having a typical signal-to-noise ratio of 30 per resolution element. Coralie data were also processed with the CERES pipeline for obtaining the radial velocities.
CHIRON
We collected a total of 11 spectra of TOI-677 using the CHIRON high-resolution spectrograph (Tokovinin et al. 2013) , between May 17 and June 19, 2019. The exposure time was between 750-1200 s, leading to a signalto-noise ratio (SNR) per pixel between ≈ 20 -35. CHI-RON is mounted on the SMARTS 1.5 m telescope at the Cerro Tololo Inter-American observatory in Chile, and is fed by an octagonal multi-mode optical fibre. For these observations we used the image slicer, which delivers relatively high throughput and high spectral resolution (R ≈ 80,000). The radial velocities were computed from the 
i is the average measurement variance of the TESS photometry, ν l = 0 and νu ≈ 0.004 Hz is the Nyquist frequency for the short cadence sampling.
cross-correlation function between the individual spectra and a high-resolution template of the star, which is built by stacking all individual observations of this star. Since CHIRON is not equipped with a simultaneous calibration, we observed the spectrum of a Th-Ar lamp before the science observations, to correct for the instrumental drift. Using this method we have measured a long-term RV stability of < 10 m s −1 on bright targets (t exp < 60 s) and < 15 m s −1 for fainter objects (t exp < 1800 s). For more details of the method see Wang et al. (2019) and Jones et al. (2019) .
NRES
NRES (Siverd et al. 2018 ) is a global array of echelle spectrographs mounted on 1-meter telescopes, with a resolving power of ≈ 53,000. TOI-677 was observed at 12 epochs with the NRES node located at the Cerro Tololo Inter-American Observatory. At each observing epoch, three consecutive 1200 s exposures were obtained, with individual signal-to-noise ratio 40. The velocity of each exposure was derived via cross-correlation with a PHOENIX template (Husser et al. 2013 ) with T eff =5800 K, log g=3.5, [Fe/H]=-0.5 and v sin i=7 km/s. Systematic drifts were corrected per order (e.g., Engel et al. 2017 ) and the radial velocity of each epoch was then taken as the mean of the three exposures.
Minerva-Australis
We obtained 17 observations on nine separate nights with the MINERVA-Australis telescope array (Addison et al. 2019) at Mount Kent Observatory in Queensland, Australia. All of the telescopes in the MINERVA-Australis array simultaneously feed a single Kiwispec R4-100 high-resolution (R≈80,000) spectrograph with wavelength coverage from 500 to 630 nm over 26 echelle orders. We derived radial velocities for each telescope using the least-squares analysis of Anglada-Escudé & Butler (2012) and corrected for spectrograph drifts with simultaneous Thorium-Argon arc lamp observations. TOI-677 was observed with telescopes 3, 4 and 5 of the array, the derived radial velocities are reported under the instrument labels Minerva T3, Minerva T4 and Miverva T5 in Table 5. 2.3. Ground-based photometry a Sloan i' filter using an Apogee U16 CCD camera with a Kodak KAF-16801E sensor. A sequence of 92 images were acquired over 180 minutes. The light curve, which is shown in Figure 3 displays a clear egress. No significant activity or modulation other than the transit itself was apparent in the light curve, which shows residuals of 0.85 ppt at the observational cadence. The SSMKO data used for the analysis is presented in Table 4 2.4. Gaia DR2
Observations of TOI-677 by Gaia were reported in DR2 (Gaia Collaboration et al. 2016 . From GAIA DR2, TOI-677 has a parallax of 7.02 ± 0.03 mas, an effective temperature of T eff = 5895 +105 −200 K and a radius of R = 1.37 +0.1 −0.05 R . The parallax obtained from GAIA was used to determine the stellar physical parameters of TOI-677 as described in Section 3.1. In our analysis we corrected the GAIA DR2 parallax for the systematic offset of -82 µas reported in Stassun & Torres (2018) .
High spatial resolution imaging
The relatively large angle subtended by the TESS pixels, approximately 21 on a side, leave it susceptible to photometric contamination from nearby stars, including additional wide stellar companions. We searched for nearby sources to TIC 280206394 with SOAR speckle imaging (Tokovinin 2018) ing through a similar visible bandpass as TESS. More details of these observations are available in Ziegler et al. (2019) . We detected no nearby sources within 3 of TIC 280206394. The 5σ detection sensitivity and the speckle auto-correlation function from the SOAR observation are plotted in Figure 4 .
The radial velocity variations measured on TOI-677 phase with the transit signal. This fact, combined with the lack of nearby companions, the lack of correlation of the bisector span measurements with orbital phase and the tests carried out as part of the SPOC data validation report show that the transit is not caused by a blended stellar eclipsing binary.
ANALYSIS
Stellar parameters
In order to characterize the star, we follow the same procedure presented in Brahm et al. (2019) . First, we compute the stellar atmospheric parameters using the co-added FEROS spectra through the ZASPE code (Brahm et al. 2017b) . ZASPE estimates T eff , log g, [Fe/H], and v sin i, by comparing an observed spectrum with a grid of synthetic models generated with the AT-LAS9 atmospheres (Castelli & Kurucz 2004) .
Then, we estimate the physical parameters of the host star using the publicly available broadband photometry of GAIA (G, B P , R P ) and 2MASS (J, H, K S ), which is compared to the synthetic magnitudes provided by the PARSEC stellar evolutionary models by using the distance to the star from the Gaia DR2 parallax. For a given stellar mass, age and metallicity, the PARSEC models can deliver a set of synthetic absolute magni-tudes and other stellar properties (e.g. stellar luminosity, effective temperature, stellar radius).
We determine the posterior distributions for M , Age, and A V , via an MCMC code using the emcee package (Foreman-Mackey et al. 2013), where we fix the metallicity of the PARSEC models to that obtained with ZASPE, and we apply the Cardelli et al. (1989) extinction laws to the synthetic magnitudes.
This procedure provides a more precise estimation of log g than the one obtained from the spectroscopic analysis. For this reason we iterate the procedure where we fix the log g value when running ZASPE to the value obtained from the PARSEC models. The resulting values are T eff = 6295 ± 77 K, [Fe/H] = 0.00 ± 0.05 dex, log g = 4.291 ± 0.025, v sin i = 7.80 ± 0.19 km s −1 , A V = 0.226 +0.056 −0.058 mag, age = 2.92 +0.80 −0.73 Gyr, L = 2.33 ± 0.11 L M = 1.170 ± 0.06 M and R = 1.282 ± 0.03 R . The values and uncertainties of M and R are used to define priors for them in the global analysis described in the next section.
Global modeling
We performed joint modelling of the radial velocity and photometric data using the exoplanet toolkit (Foreman-Mackey et al. 2019). The radial velocities used are given in Table 5 and the photometric data are given in Table 4 . We denote the TESS photometric time series by {y T (t i )} n T i=1 , the SSMKO one by {y S (t i )} n S i=1 , and the radial velocity measurements (with their mean values removed) by {y
for FEROS, Coralie, CHIRON, NRES, and Minerva Australis respectively. In the case of Minerva, M (i) is a function that returns the telescope used at observation t i (recall the Minerva observations include three different telescopes). The observational uncertainties are denoted by σ * (t i ), where * can take the value of any of the instrument labels. As shown in § 2.1, the TESS light curve shows no evidence of additional structure beyond white noise. The TESS photometric time series is therefore modeled as
where N (0, σ 2 ) denotes a Normal distribution of mean 0 and variance σ 2 , T (t i ; p) is the transit model, and p is the vector of model parameters. Explicitly, p = (R p , b, P, t 0 , e, ω, R * , M * , u 1 , u 2 ),
where R p is the planetary radius, b is the impact parameter, P is the period, t 0 the reference time of midtransit, e the eccentricity, ω the angle of periastron, R * and M * the stellar radius and mass, and u 1 and u 2 the limb-darkening law coefficients, which we describe using a quadratic law. The SSMKO photometric time series is modeled as
where the {b i } coefficients accounts for up to a linear systematic trend in the photometry, σ 2 S,i are the reported photometric uncertainties, and η S is an additional photometric variance parameter. The parameter vector is the same as that for TESS, but the limb darkening coefficients are fixed to the values (u 1 , u 2 ) = (0.2489, 0.305). These values were calculated using the ATLAS atmospheric models and the Sloan i' band using the limb darkening coefficient calculator (Espinoza & Jordán 2015) , and in particular using the methodology of sampling the limb darkening profile in 100 points as described in Espinoza & Jordán (2015) . We chose to fix the limb darkening coefficients given that the SSMKO light curve covers only the egress. The radial velocity times series are modeled as
where O represents the Keplerian radial velocity curve and the parameter vector of the model, a subset of p, is q = (P, t 0 , e, ω, M * ). The wildcard * can take the values F, C, χ, N, M for FEROS, Coralie, CHIRON, NRES and Minerva respectively, and η 2 * is a white noise "jitter" terms to account for additional variance not accounted for in the observational uncertainties. The parameters a i account for up to a linear systematic trend in the radial velocities. We set priors for η 2 * by first running a model without jitter terms, and determining for each instrument how much extra variance was present around the posterior model over that predicted by the observational uncertainties. We note that for NRES we found no need for a jitter term and thus we set η N ≡ 0. The log-likelihood l is given by 
Posteriors were sampled using an Monte Carlo Markov Chain algorithm, specifically the No U-Turn Sampler (NUTS, Hoffman & Gelman 2011) as implemented in the PyMC3 package through exoplanet. We sampled using 4 chains and 3000 draws, after a tuning run of 4500 draws where the step sizes are optimized. Convergence was verified using the Rubin-Gelman and Geweke statistics. The effective sample size for all parameters, as defined by (Gelman et al. 2013) , was > 4000. The priors are detailed in Table 2 . Priors for M * and R * stem from the analysis described in § 3.1. The priors on P , T 0 , ln(M p /mM ⊕ ), e, {a i } 1 i=0 were obtained from a fit to the radial velocities alone carried out with the radvel package (Fulton et al. 2018 ).
The posterior model for the radial velocities is shown in Figure 5 as a function of time and in Figure 6 against orbital phase with the quadratic term removed. The posterior model for the photometric observations is shown in Figure 3 . Table 2 lists all the priors assumed and the posterior values for the stellar and planetary properties. A fully independent analysis of the data with the juliet package using different priors and treatment of photometric and radial velocity trends results in planetary parameters consistent with the ones presented in Table 2 . It is noteworthy that besides the Keplerian orbit, there is significant statistical evidence for a long term trend in the radial velocities which could be caused by an outer companion. If described by a linear trend the slope is estimated to be a 1 = 1.58 ± 0.19 m s −1 d −1 .
DISCUSSION
We put TOI-677 b in the context of the population of known, well characterized 2 transiting exoplanets in Figure 7 , where we show a scatter plot of planetary mass versus planetary radius, coding with color the equilibrium temperature. The incident flux for TOI-677 b is ≈ 3 × 10 8 erg s −1 cm −2 , very close to the value of ≈ 2 × 10 8 erg s −1 cm −2 below which it has been shown that the effects of irradiation on the planetary radius are negligible (e.g. Demory & Seager 2011) . The radius of TOI-677 b is in line with what is expected for a gas giant with a core of M C = 10M ⊕ according to the standard models of Fortney et al. (2007) . This underscores the value of warm giants, whose structure can be modeled without the complications of an incident flux resulting in radius inflation (Kovács et al. 2010; Demory & Seager 2011) . Figure 7 also shows that TOI-677 b, having a transmission spectroscopy metric (TSM, Kempton et al. 2018 ) of ≈100, is not a particularly well suited target of transmission spectroscopy studies, if compared with the rest of the population of close-in giant planets.
In Figure 8 we plot the same population of wellcharacterized planets in the period-eccentricity plane, coding the planetary mass with the symbol size. It is apparent that TOI-677 b lies in a part of this plane that is still sparsely populated. The eccentricity of exoplanets is very low for close-in systems, and starts to grow for periods P 4 d. With an eccentricity of e = 0.435±0.024, TOI-677 b lies in the upper range of eccentricity values for planets with similar periods in the currently known sample. Besides the significant eccentricity of the orbit of TOI-677 b the presence of a long term trend in the radial velocities is interesting in the context of migration mechanisms of giant planets. Warm jupiters can be formed via secular gravitational interactions with an outer planet followed by tidal interactions with the star in the high eccentricity stage of the secular cycle (e.g. Kozai 1962) . In this context, Dong et al. (2014) predicts that in order to overcome the precession caused by general relativity, the warm jupiters produced via this mechanism should have outer planets at relatively short orbital distances that can be detected with a radial velocity monitoring. At the moment we cannot provide meaningful constraints on a potential outer companion. We will continue to monitor the system with radial velocities to determine the exact nature of the long term radial velocity we uncovered. The determination of the orbital obliquity of transiting planets through the Rossiter-McLaughlin (R-M) effect, particularly for planets with orbital periods longer than ≈10 days, provides a powerful tool to constrain migration theories (Petrovich & Tremaine 2016) . With a sizable v sin i of 7.80 ± 0.19 km s −1 and a bright mag-nitude of V = 9.8 mag, TOI-677 b is a prime target to perform a measurement of the projected angle between the stellar and orbital angular momenta. Specifically, the expected semi-amplitude of the R-M signal for TOI-677 b in the case of an aligned orbit is of K R−M = 70±10 ms −1 . While still based on a very limited population, the current obliquity distribution of transiting planets with similar periods as TOI-677 b seems to follow a similar behaviour to that of the eccentricity distribution, with a large spread in their values. Current discoveries include aligned systems like WASP-84b (Anderson et al. 2015) and HAT-P-17b (Fulton et al. 2013) , mildly misaligned systems (WASP-117b, Lendl et al. 2014) , and also others that are even retrograde (WASP-8b, Queloz et al. 2010) . The measurement of the obliquity of TOI-677 b will increment this small sample and help in further understanding how close-in giant planets form. Table 4 is published in its entirety in machine readable format. A portion is shown here for guidance regarding its form and content. Table 5 continued Table 5 is published in its entirety in machine readable format. A portion is shown here for guidance regarding its form and content. b For convenience, the mean has been subtracted from the originally measured radial velocities for each instrument, and the instrument-dependent radial velocity zeropoints reported in Table 2 are with respect to these meansubtracted values. The mean values m which should be added to recover the original measurements are mFEROS = 37656.23, m Coralie = 37665.27, mCHIRON = 20.1, mNRES = 38228.49 and mMinerva = 37844.01
APPENDIX
